Context. Determining the metal content of low-mass members of young associations provides a tool that addresses different issues, such as triggered star formation or the link between the metal-rich nature of planet-host stars and the early phases of planet formation. The Orion complex is a well known example of possible triggered star formation and is known to host a rich variety of proto-planetary disks around its low-mass stars. Available metallicity measurements yield discrepant results. Aims. We analyzed FLAMES/UVES and Giraffe spectra of low-mass members of three groups/clusters belonging to the Orion association. Our goal is the homogeneous determination of the metallicity of the sample stars, which allows us to look for [Fe/H] differences between the three regions and for the possible presence of metal-rich stars. Methods. Nine members of the ONC and one star each in the λ Ori cluster and OB1b subgroup were analyzed. After the veiling determination, we retrieved the metallicity by means of equivalent widths and/or spectral synthesis using MOOG. Results. We obtain an average metallicity for the ONC [Fe/H] = −0.01 ± 0.04. No metal-rich stars were detected and the dispersion within our sample is consistent with measurement uncertainties. The metallicity of the λ Ori member is also solar, while the OB1b star has an [Fe/H] significantly below the ONC average. If confirmed by additional [Fe/H] determinations in the OB1b subgroup, this result would support the triggered star formation and the self-enrichment scenario for the Orion complex.
Introduction
The Orion OB1 association, located at roughly 400 pc, is probably the best known region of active star formation. It comprises four major subgroups of different ages, sizes, and positions (Ia, Ib, Ic, Id where the Orion nebula cluster -ONC-is), together with several grouping of stars and clusters, covering a wide range of ages and environmental conditions: extremely young groups of stars are present still embedded in their parental clouds, 3-5 Myr old clusters like σ and λ Ori, as well as older populations like the Ori Ia sub-association (age ∼ 10 Myr). Orion is since long considered as a possible example of triggered star formation (Blaauw 1991, ASI Ser. 342, p. 125) , supported by the increasing ages between the Id/Ic, Ib, and Ia subgroups and by the different content of gas and dust of the different regions. In the triggered scenario, winds and SN-driven shock waves originating from a first generation of massive stars induce the formation of a new group/cluster of stars. This second generation population is likely contaminated by the enriched ejecta of the massive stars of the first generation (e.g., Reeves 1978 ) and thus might show a different abundance pattern. The secure and homogeneous determination of the chemical composition across Orion, and the comparison of the abundance patterns of the different Send offprint requests to: V. D 'Orazi, email: vdorazi@arcetri.astro.it ⋆ Based on observations collected at Paranal Observatory, ESO (Chile). Programs 072.D-0019, 074.C-0757, 076.D-0136, 076.C-0145. ⋆⋆ We dedicate this paper to the memory of Roberto Pallavicini who prematurely passed away during the completion of this work. We all miss him sorely.
subgroups, hence represent a critical and independent test of this scenario.
Besides providing insights into triggered star formation models, the determination of the metallicity of low-mass stars in young associations is important in the context of extra solar planets. It is now well-established that planet-host stars are on average more metal-rich than stars without planetary-mass companions (Gonzalez 1997; Gonzalez et al. 2001; Santos et al. 2001; Fisher & Valenti 2005) . The mean metallicity of stars hosting a gas giant planet is [Fe/H]= +0.15 ± 0.23, compared to the value [Fe/H]= −0.1 ± 0.18 for the solar neighborhood. Also, the frequency of giant planets around metal-rich stars ([Fe/H]≥ 0.3) is f p ≥ 20%, much higher than that of planets around solar (or under-solar) metallicity stars (f p ∼ 3%). More important, complementary studies suggest that the high metal content is primordial and not due to pollution by cannibalized planetary bodies Gilli et al. 2006 , Pinsonneault et al. 2001 ; see however Pasquini et al. 2007 for a different view).
Surveys of the properties of planet-host stars provide clues to the mechanism of planet formation based on its final product (i.e., the already formed planet), since the majority of field stars where a giant planet has been detected are older than ∼ 1 Gyr. On the other hand, circumstellar disks around pre-main sequence (PMS) stars, which are the birth sites of planets, are ubiquitously found in star-forming regions (SFRs). The question then is what the metallicity of low-mass stars that are likely to be forming planets now in SFRs and young associations might be. To definitively answer it, the metallicity needs to be derived, as much as possible, for a complete SFR sample. The Orion complex already represents an excellent target, given the high frequency and wide variety of proto-planetary disks around its low-mass members.
In the last 50 years, hundreds of studies have investigated key aspects related to the Orion stellar population, as well as to the associated HII regions and the surrounding interstellar medium. However, considerably less attention has been given to determining its chemical composition. Available information on the abundance pattern in Orion and, in particular, of the ONC, mostly comes from studies of the ionized gas in the Orion nebula or from abundance determination in stars of early spectraltype. The latter, however, is affected by several uncertainties, for example, NLTE and rotational broadening of the spectral lines. Few measurements of the metallicity among lower-mass stars have so far been carried out, as we discus in Sect. 2 below. With this background in mind, we exploited the available high-resolution spectra acquired in the framework of two different projects (Palla et al. 2005 (Palla et al. , 2007 Sacco et al. 2008 ) to measure the metallicity in a sample of ONC members and in one star belonging to the λ Ori cluster. One member of the Orion OB1b subgroup, whose spectrum was retrieved from the ESO archive, was also analyzed.
The paper is organized as follows. In Sect. 2 we give an overview of previous determination of metallicity in Orion members; in Sect. 3 we describe the sample, observations, and data reduction. The analysis is presented in Sect. 4 and the results and discussion in Sect. 5, followed by the conclusions (Sect. 6).
Previous metallicity determinations in Orion
Based on the determination of oxygen in the Orion nebula by Osterbrock et al. (1992) , it has been believed until recently that the metallicity of Orion is lower than that of the Sun, representing a problem for Galactic evolution models in the solar vicinity. While the reappraisal of oxygen in the Orion nebula by the study of Esteban (2004) no longer supported this view, stellar abundances obtained by Cunha & Lambert (1994) and Cunha et al. (1998) also suggested a lower-than-solar metallicity for the whole Orion complex. Specifically, Cunha and collaborators measured Fe, O, C, N, and Si abundances in a sample of B-and F/G-type Orion members, primarily belonging to the subgroups 1a and 1c. They found that the metallicity ([Fe/H]) ranges between −0.31 (Ic, G-type star) and +0.14 (Ia, B-type star); in spite of this rather wide interval Cunha and collaborators concluded that all the four subgroups 1a, 1b, 1c, and 1d (where the ONC is located) are characterized by the same, somewhat below solar, metallicity ([Fe/H]= −0.08±0.13, where the error is the 1σ deviation from the mean). F and G-type stars only would indicate an even lower metal content ([Fe/H]= −0.13 ± 0.13). Interestingly, the most metal-rich among the F/G-type stars is the only ONC members included in the sample. For this star, P1455, they derived a metallicity [Fe/H]= +0.08 ± 0.15. At variance with their claim of a homogeneous iron content, collaborators (1992, 1998) found evidence of star-to-star variations in O and Si abundances, with a few O-and Si-enhanced stars being more centrally located (in the Trapezium region) than the O-and Sipoor ones, distributed throughout the association. The authors suggest that the observed abundance pattern could be evidence of the expected self-enrichment. More recently, Simón-Díaz et al. (2006) derived oxygen abundances for a few B-type stars in the Trapezium finding lower values than those of Cunha & Lambert and, in contrast to their results, no evidence of any elemental enhancement.
Focusing on low-mass stars, seven objects in Orion 1c and 1d were included in the study of Padgett (1996) , who derived [Fe/H] values in the interval −0.1 to +0.23 dex and an average [Fe/H] slightly above solar. Of the four ONC stars included in the sample, two showed slightly over-solar abundances ([Fe/H]= 0.14 ± 0.18 and 0.08 ± 0.17 respectively), and the other two stars a solar metallicity ([Fe/H]= −0.01±0.21, −0.01±0.17). Finally, based on three stars, Santos et al. (2008) obtained an average for the ONC [Fe/H]= −0.13 ± 0.06, again below solar. In summary, existing determinations of the metal content in the whole Orion complex reach controversial conclusions both on the overall metallicity -in particular on whether it is below solar or not-on the presence of a star-to-star scatter within a given subgroup (the ONC in particular), and on differences in [Fe/H] between the different subgroups.
Sample stars and observations

ONC
The spectra were acquired in two observing sessions with FLAMES on VLT/UT2 (Pasquini et al. 2000) as part of a project focused on measurements of lithium abundances in very lowmass members of the ONC (Palla et al. 2005 (Palla et al. , 2007 . In both runs Giraffe fibers were mostly allocated to M-type stars; instead, UVES fibers were used to observe K-and M-type stars with the goal of deriving their accretion rates by means of the Ca II infrared triplet (Flaccomio et al., in prep) . The present sample includes all the K-type stars observed with UVES (seven stars), while M dwarfs were discarded since determination of metallicity in these cool stars is not feasible with standard methods/codes and Kurucz model atmospheres (see Sect. 4.3.1 below). To the UVES sample, we added the only two K-type stars observed with Giraffe and for which Palla et al. (2005) derived a negligible veiling. The total sample hence consists of nine stars.
The observations were carried out on 15 February (Visitor Mode) and 15 November (Service Mode), 2004. The UVES spectrograph (Dekker et al. 2000) in fiber mode provides a resolution R=40000. We used the CD4 cross-disperser (needed to target the Ca II triplet), allowing us to cover a spectral range from ∼6700 Å to 10000 Å. Giraffe was used with the HR15 setup, yielding a resolution R∼ 19000 and spectral coverage from 660.7 to 696.5 nm. The sample stars are listed in Table 1 , where we give the identifier from Hillenbrand (1997) , an observing log (the dates of the observations, total exposure time, S/N ratios), along with the stellar properties (I magnitude, V-I color, spectral-type, rotational period, effective temperature -T eff -, and K-band excess). are also listed in the table. Information on photometry, spectral-types, effective temperatures, and excess were taken from Hillenbrand (1997) and Hillenbrand et al. (1998) , while rotational periods come from Herbst et al. (2002) .
Reduction of UVES data was carried out using the FLAMES-UVES pipeline, following the standard procedure: bias subtraction, flat-field correction, order extraction and wavelength calibration. Sky subtraction was performed outside the pipeline context, using the fiber allocated to the sky. Spectra of the same star obtained in different exposures were then coadded, after checking that no radial velocity variations were present. Giraffe data were reduced using the BLDRS software (Blecha & Simond 2004 -see details in Palla et al. 2007 ). Final S/N ratios are in the range 70-125 for the UVES spectra and 150-200 for the Giraffe ones. All UVES spectra are shown in Fig. 1 . (1), I, V-I, spectral-types (6, 7, 8) , and T eff values (9 -from spectral-types using the scale of Kenyon & Hartmann 1995) come from Hillenbrand (1997) ; K-band excess (10) and rotational periods (11) were taken from Hillenbrand et al. (1998) and Herbst et al. (2002) , respectively. Radial velocities (12) were measured from our spectra.
λ Ori and Orion OB1b
As in the case of ONC, we selected stars of λ Ori from a wider sample acquired to investigate membership and accretion properties in this young cluster by Sacco et al. (2008) . To select the stars, we applied the same criteria used for the ONC sample, discarding the fast rotating members (vsin i ≥ 30 km/s), binaries, and stars with spectral-type later than K7; this criterion resulted in the selection of one star only (Dolan 24) . The observations were carried out in Service Mode during October and November, 2005, using FLAMES-UVES and CD#3 crossdisperser, covering the spectral interval ∼ 4840 − 6840 Å. We enlarged our sample with a member of the OB1b association (HD 294297) whose FLAMES-UVES spectrum, obtained with the CD#4 cross-disperser, was retrieved from the ESO Archive Dolan & Mathieu (1999) . T eff for HD 294297 was retrieved from Cunha et al. (1998) , while that of Dolan 24 was estimated from the R-I color. Radial velocities were measured from our spectra.
(Program 076.C-0145, PI Jeffries). This star is included in the sample of Cunha et al. (1998) and thus allows a direct comparison of their and our abundance scales. For both stars data reduction was performed under ESO-MIDAS context and using the FLAMES/UVES pipeline. The two targets along with information on their properties and observations are listed in Table 2 ; their spectra are shown in Fig. 2. 
Analysis and abundance determination
Radial velocities
Radial velocities were computed from our spectra using the task RVIDLINES in IRAF 2 and a list of 10 lines; with the exception 2 IRAF is distributed by the National Optical Astronomical Observatories, which are operated by the Association of Universities of Dolan 24, all measurements are in good agreement with previous determinations in the literature (Sicilia-Aguilar et al. 2005; Caballero 2007 ). For Dolan 24 we instead obtain a radial velocity lower than the measurement of Dolan & Mathieu (1999 -29 .14 km/s) and slightly below two different estimates of the average radial velocity of λ Ori (v rad = 24.3 ± 2.8 km/s -Dolan & Mathieu 1999; v rad = 27.3 ± 0.49 km/s - Sacco et al. 2008) , suggesting that this star likely is a spectroscopic binary. Derived radial velocities for all stars are listed in the last columns of Tables 1 and 2 for Research in Astronomy, under contract with the National Science Foundation.
Estimate of veiling
As well known, spectra of PMS stars might be affected by spectral veiling that alters measured equivalent widths (EWs), since photospheric absorption lines are filled in by accretion shock emission. As a consequence, the observed lines are weaker than intrinsic ones and one needs to correct for veiling before deriving abundances. This is accomplished by determining r, the ratio of the excess to the photospheric continuum; then the relationship between the true and measured EWs is EW 0 = EW meas. × (1 + r).
As mentioned in the previous section, veiling for the two ONC stars observed with Giraffe was already derived by Palla et al. (2005) ; both of them have r ≈ 0, and this was indeed the reason why we included them in our sample. On the other hand, we directly estimated r from our spectra for the seven ONC stars observed with UVES and for the λ Ori member (HD 294297 should not be affected by veiling - Cunha et al. 1995) , following a procedure similar to that described in Palla et al. (2005 Palla et al. ( , 2007 , but using different features. Namely, we measured the EWs of selected strong lines in the target stars and compared them with those measured in the spectra of 11 members of the IC 2602 and IC 2391 clusters, which are old enough (∼30-50 Myr) to ensure that their spectra are not affected by veiling. The IC clusters stars cover the same range of effective temperatures as the Orion targets and their spectra are characterized by a similar resolution (see Stauffer et al. 1997; Randich et al. 2001) . For the 580 setup we used nine lines; namely, Ca i 5857. As a first step, we checked whether a dependence of the strength of the lines on temperature was present among IC cluster members: with the exception of the Ca i 6122.2 Å and K I 7698.97 Å features, all the other lines did not show strong trends with T eff within ∼ 300 K. Hence, in these cases we derived the mean EW considering all stars in the two clusters and used this average value for comparison with the Orion stars. For the two features whose strength depends on effective temperature, we instead used the EW value of the IC cluster star with T eff closest to that of the given ONC star. For each line, the quantity r line was calculated as EW IC /EW ONC −1. We did not find any trend of r line with wavelength for none of the stars, similarly to the results of Santos et al. (2008) . Hence, we computed the average value of r for each star using all lines. These final values are listed in Col. 2 of Tables 3 and 4. The two tables show that r is consistent with zero for all stars with exception of the ONC members h278, for which we obtained r = 0.8 ± 0.07; due to this relatively high veiling, the star was discarded from the sample.
Abundance analysis
The analysis was performed using MOOG (Sneden 1973 (Sneden -2002 and a grid of 1-D model atmospheres from Kurucz (1993) , by means of both EWs and spectral synthesis. Radiative and Stark broadening are treated in a standard way in MOOG; as for collisional broadening, we used the Unsöld approximation (1955) for all the lines. As discussed by Paulson et al. (2003) this choice should not greatly affect the differential analysis with respect to the Sun. We also mention that very strong lines (EW≥ 150 mÅ) that are most affected by the treatment of damping have been excluded from our analysis.
EW analysis and stellar parameters
As mentioned earlier, the spectrum of the λ Ori star was acquired using the CD3 and the analysis was done using the line list of Randich et al. (2006) who had used the same UVES setup. For the ONC targets and the spectrum retrieved from the archive that were observed with the CD4, we instead built a new line list. Although the spectra cover the wavelength interval 6700 to 10000 Å, only the blue part up to ∼ 8000 Å was usable, since the red part was contaminated by several telluric lines which could not be corrected, owing to the lack of spectra of early-type stars. Fe i features to be used for the analysis in the interval ∼ 6700 − 8000 Å were selected from different sources in the literature and subsequently checked for suitability (e.g. for blends) both on the solar spectrum observed with UVES and on the best quality sample spectra. The final list contains 40 Fe i lines for the warm star HD 294297 and 26 lines for the cool members of the ONC (see Table 5 ); 24 lines are in common. Not for all the cool stars, however, it was possible to measure all the 26 lines. Most log g f values were taken from Clementini et al. (1999) ; for the few lines not included in that study, log g f were instead retrieved from the Vienna Astronomical Line Database (VALD 3 ). We performed the analysis of the solar spectrum obtained with UVES at the same resolution as that of our sample spectra using both the line list with 40 lines and that with 26 lines. Adopting as solar parameters T eff ⊙ = 5770 K, log g ⊙ = 4.44 and ξ ⊙ = 1.1 km/s (see Randich et al. 2006) , with both line lists we obtained log n(Fe)=7.50±0.03, a value very close to log n(Fe) ⊙ =7.52 (Anders & Grevesse, 1989) . Individual logn(Fe) values for the Sun are listed in Table 5 . [Fe/H] for the sample stars with CD4 spectra was derived differentially with respect to our own determination. For Dolan 24, analyzed using the line list of Randich et al., a value logn (Fe) ⊙ = 7.52 was instead adopted.
EWs were measured using the package SPECTRE and a gaussian fitting procedure. Although the spectra had been previously normalized, local continuum was inspected and, if needed, adjusted at each EW measurement. Initial stellar parameters were estimated as follows: i. effective temperatures for the ONC stars were retrieved from Hillenbrand (1997) who, in turn, had derived them from spectral-types using the scale of Kenyon & Hartmann (1995) . T eff of HD 294297 was taken from Cunha et al. (1998) , while T eff for the λ Ori star, for which the spectral-type is not available, was derived from the R-I color and again the scale of Kenyon & Hartmann. A reddening E(R-I)=0.07 was adopted (see discussion in Dolan & Mathieu 1999) ;
ii. An initial microturbulence ξ=1.5 km/sec was adopted for all stars; iii. Finally, surface gravities for the ONC stars and Dolan 24 were estimated from the relation between M, L, and T eff (log g=4.44+log(M/M ⊙ )−log(L/L ⊙ )+4 log T eff −15.0447). For the ONC stars masses and luminosities were taken from Getman et al. (2005) ; for the star Dolan 24 in λ Ori we derived the bolometric luminosity from the I C magnitude, applying the bolometric correction by Bessell (1991) and adopting a distance to the cluster equal to 400 pc. Mass was then estimated using the PMS evolutionary tracks by Baraffe et al. (1998) with α = 1. For HD 294297 we adopted the log g value of Cunha et al. (1998) .
As usually done, final temperatures were derived by removing the trends between abundance values (log n(Fe)) and excitation potential (χ) in MOOG. Similarly, final ξ values were derived by removing the trend between log n(Fe) and measured EWs. In both cases a 2σ clipping was applied to the initial line 6 V. D'Orazi et al.: Metallicity of low-mass stars in Orion list before removing the trends. On the other hand, because of the lack of suitable Fe ii lines, log g values could not be optimized for any of the stars and initial values were adopted.
Final stellar parameters are listed in Tables 3 and 4 . We first note that for HD 294297 we retrieve the same T eff as Cunha et al. (1998) . Then, the comparison of Tables 1 and 2 with Tables 3  and 4 shows that the maximum difference between final and initial effective temperatures is on the order of 100 K, with the exception of star h673 (∆T eff ∼ 300 K) and Dolan24 (∆T eff =270 K). All final temperatures are warmer than initial ones. Tables 3 and 4 also indicate that the final microturbulence values are in the range ∼ 1.5 − 1.7 km/s, only slightly larger than those normally found for main sequence dwarfs of similar temperature. For the PMS stars in their sample, and in particular for the three ONC members, Santos et al. (2008) instead found higher values (up to ξ = 2.5 km/sec) and a larger star-to-star scatter. They suggested that the discrepancy between their microturbulence values and those of main sequence stars might be due to the effect of strong magnetic fields that characterize very young stars. Our results do not seem to support this hypothesis, since the microturbulence values for our sample stars are only slightly higher than that of the main sequence member of IC 2391 (see Sect. 4.4 below). Note that use of higher values of the microturbulence would lead to lower [Fe/H] values.
The iron abundance for each line was obtained based on measured EWs and adopted stellar parameters. Final abundances for each star were then determined as the mean abundance from the different lines.
Spectral synthesis
The spectral synthesis for the Fe analysis was performed in a 20 Å wavelength range around the Li i feature at 6707.78 Å, from 6695 Åto 6715 Å. As in the case of the EWs, we first carried out an analysis of the solar spectra acquired with UVES and Giraffe. When necessary, we modified log g f values to get a good fit of the solar spectrum with the standard solar abundances of Anders & Grevesse (1989) .
The synthesis was carried out for all but one star observed with UVES, in order to cross-check [Fe/H] from EWs; spectral synthesis was also performed for the two ONC Giraffe spectra, whose lower resolution and reduced spectral range did not allow us to carry out the EW analysis. Also note that, due to the relatively high rotation, [Fe/H] for h907 in ONC could be measured only from the synthesis analysis. Instead, for the star h223a in the ONC we could not apply the synthesis method because part of the bluest order, including the wavelength range from 6695 to 6740 Å, fell out of the CCD.
For stars observed with UVES, the synthesis was carried out adopting the final stellar parameters determined with the EW analysis; on the other hand, stellar parameters could not be optimized for stars observed with Giraffe and for h907, for which we did not carry out the EW analysis. Therefore, for these stars we adopted initial T eff values and a microturbulence ξ = 1.6 km/s, which is typical of our UVES sample. Also, for each UVES spectrum, we first computed a synthetic spectrum with the metallicity determined through the EW analysis; then, if necessary, we changed the metallicity until the best fit of the observed spectrum was obtained. For the analysis of the Giraffe spectra and that of h907 we started with a solar metallicity. Examples of spectral synthesis in the 6695-6715 Å region for UVES and Giraffe spectra are shown in Figs. 3 (star h673) , 4 (star h683), and 5 (star h664), respectively. In all figures, both the whole spectral region and a zoom around two Fe i lines are displayed. Those two lines have different excitation potentials and thus their strength has a different dependence on effective temperature. A large error in the determination of the latter would thus be identified in the comparison of synthetic and observed spectra. We also note that the red side of the Li i 6707.8 Å feature is not well fitted in the spectra of stars h683 and h664 (Figs. 4 and 5) . Although a detailed investigation of this effect is outside the purposes of this paper, we suggest that it might be due to the contribution of 6 Li to the lithium feature. 6 Li is indeed not included in our current line list. We finally notice that, as a by-product, spectral synthesis also allowed us to estimate projected rotational velocities (vsin i) for the sample stars. The latter are listed in Column 6 of Tables 3 and 4.
Errors
Three sources of random errors are present in the EW analysis: (i) σ 1 , the standard deviation around the mean due to differences in abundances that come from each line; σ 1 should be representative of errors in EWs and log gf values; (ii) σ 2 : errors due to uncertainties on the stellar parameters. We found that for all the stars variations in T eff greater than 100 K would produce significant trends in log n(Fe) versus excitation potential, while variations greater than 0.15 km/s in ξ would introduce a trend between log n(Fe) and measured EWs; we thus assumed 100 K and 0.15 km/s as typical uncertainties in T eff and ξ. As to gravity, we adopted a typical uncertainty of 0.25 dex. Resulting errors in [Fe/H] were then estimated by varying one parameter at the time and quadratically adding the resulting errors. We found that a change in T eff of ± 100 K results in a change of Fe abundance from ±0.01 to ±0.04 dex; a change in ξ of ± 0.15 km/s causes a change of ±0.03 dex, and a variation of 0.25 dex in log g results in a change from ±0.04 to ±0.07 dex in abundance; (iii) σ 3 : errors due to uncertainties on veiling determination. As shown in Tables 3 and 4 , the last are very small and lead to an error in the final [Fe/H] on the order of 0.01 − 0.02 dex, much below the other two errors. Also note that those small errors on veiling do not introduce any effect on the determination of stellar parameters.
The abundance uncertainties are related to the best fit determination (σ1) and to the uncertainties in stellar parameters (σ2), also in the case of spectral synthesis analysis. Assuming the same uncertainties in stellar parameters derived from the EW analysis, we found that a change in T eff of ±100 K results in a difference in Fe abundance from ±0.05 to ±0.1 dex, while a change of ξ of ± 0.15 km/s causes a variation from ±0.03 to ±0.05 dex in abundance values. The effect of gravity is instead negligible (below 0.02 dex).
Systematic errors that could affect the analysis of cool stars were estimated by analyzing with the same method a star with similar parameters as our sample stars and known metallicity. We chose a member of the open cluster IC 2391 (VXR76A) whose metallicity has been estimated with an independent method (different line list and code) by Randich et al. (2001 -[Fe/H] = 0.0 ± 0.09 ± 0.09). For the analysis of VXR76A we used the same spectrum employed by Randich et al., characterized by a spectral resolution R=43800, very similar to that of the UVES spectra. We derived the metallicity of VXR76A using both EWs and the two line lists and spectral synthesis. The results are listed in the last raw of Table 3 . In all cases the agreement with the previous determination is excellent: namely, [Fe/H]= 0.0 ± 0.06 ± 0.08 from the EWs and the CD3 line list, (2009) not only confirmed a solar metallicity for this cluster, but also found that VXR76A shares the same metallicity as other, warmer members in IC 2391. This suggests that our analysis should not be affected by major systematic errors and that no major offset should be present between the metallicity of cool and warmer stars. As for Dolan 24, the method/line list was already tested by on M 67 members.
Results and discussion
The metallicity of the ONC
The results of our analysis are summarized in Tables 3 and 4 , where we give the veiling value r (Col 2), the adopted T eff , log g, -4400 4.5 1.3 8±3 −0.01 ± 0.08 ± 0.08 (23) 0 ± 0.1 ± 0.1 * The initial microturbulence was adopted for this star, since ξ could not be optimized due to the lack of lines covering a wide enough EW interval. * * r values for stars 664 and 1020 come from Palla et al. (2005) . 4 In the table we list the star ID, the veiling r, adopted stellar parameters, projected rotational velocities, and the final [Fe/H] values, from the EW and synthesis analysis, along with σ 1 and σ 2 errors (see text). For [Fe/H] from EWs we also provide in parenthesis the number of employed Fe I lines. For the analysis they have employed the same code and model atmospheres; however, they adopted a different line list and σ-clipping criterion. We suggest that this affects the microturbulence determination and thus the final [Fe/H]. We stress again that the comparison with VXR76A provides confidence in our results. As discussed in Sect. 1, the metallicity of the ONC has so far been poorly constrained, with some studies suggesting an underabundance with respect to the Sun and others finding solar or even over-solar [Fe/H] ]= −0.09 ± 0.1 (star SO000041 in their list), also in good agreement. All the three measurements indicate a sub-solar metallicity, much below our average for the ONC. In our study the [Fe/H] values for this star and the ONC are on the same scale; we mention in passing that, by using for the analysis of HD 294297 the same subset of lines used for the ONC, we would still obtain for this star the same [Fe/H] . This suggests that the difference between the ONC stars and HD 294297 is real and that the OB1b group might be more metal poor than the ONC. We further develop this point in the next section.
Finally, the metallicity of λ Ori is likely solar; whereas this represents the first measurement of the metallicity in this cluster, it is based on one star only and, obviously, additional measurements are needed.
The iron distribution in Orion
In Fig. 7 we plot the spatial distribution of stars in the different Orion subgroups with an available metallicity determination; stars in three metallicity bins are indicated with symbols of different size. For the ONC we show our average measurement.
The figure indicates that the three stars belonging to the OB1b subgroup all have [Fe/H] below the average of the ONC and, possibly, of the 1c subgroup, whose metallicity is characterized by a larger uncertainty and dispersion. Two of the stars in the OB1b sample are B-type stars from Cunha & Lambert (1994) , while the third one is HD 294297; for this star we adopt our own [Fe/H] determination. The resulting average metallicity for the 1b subgroup is [Fe/H]= −0.10 ± 0.05, 2σ below our determination for the ONC. The difference is not big and based on very few objects only, two of which are early-type stars. Nevertheless, it suggests that the Orion region may not be characterized by a single value of [Fe/H] . As well known, Fe is mostly produced by type-I Supernovae (SNe), whose lifetimes are much greater than the age of the Orion association (∼ 10 7 years). On the other hand, massive, short-lived stars exploding as type-II SNe might pollute a molecular cloud close to OB associations. Although SNe II are mainly producer of α elements like O, Mg, and Si, a small amount of Fe is also produced. As mentioned in Sect. 2, Cunha & Lambert (1992) and Cunha et al. (1998) reported evidence of star-to-star variations in O and Si abundances within Orion, with a few O/Si-enhanced stars more centrally located in the Trapezium region than the widespread low O/Si ones; they suggested a simple scenario of supernova self-enrichment across the Orion association over the past 10 Myr. With the caveat that the Fe yields from SNe II are highly uncertain, they estimated that the enhancement in oxygen of ∼ 0.3 dex would correspond to an enhancement in Fe of ∼ 0.06 dex. Whereas in their study they did not find such a variation, the ∼ 0.1 dex difference in iron that we measure between the ONC and 1b subgroup is consistent with this the scenario. The OB1a subgroup might also be metal-poor; three of the four members (all from Cunha & Lambert 1994) have [Fe/H] more than 1σ below the ONC, while one star is overabundant with respect to the Sun and the ONC.
Finally, Fig. 7 shows that a dispersion in metallicity is present in OB1c. We suggest that the dispersion is likely due to both systematic differences between different studies (i.e., Cunha et al. versus Padgett) and to large uncertainties within a given study, as we have shown to be the case for the ONC.
The lack of metal-rich stars
One of the goals of our project is the search for metal-rich young low-mass stars. The first results presented here indicate that the ONC has a solar metallicity; the dispersion we find within the cluster is consistent with measurement errors and none of the stars in our sample is metal-rich. Under the assumption that our analysis is not affected by major systematic errors, as the comparison with IC 2391 confirms, two opposite hypothesis can be suggested to explain the lack of such a population. The simplest and most straightforward one is that they do not exist and, as expected within a cluster, the ONC is characterized by a homogeneous composition of all its members. Alternatively, the [Fe/H] distribution of the ONC is inhomogeneous and metal-rich members exist, but low number statistics prevented us from detecting them. To this respect, we recall that one star from Padgett (1996) has a metallicity significantly above solar ([Fe/H]=0.14 ± 0.18) and above our mean for the ONC. The final answer on the possible presence of metal-rich stars can only be provided by a metallicity determination in a much wider sample of stars, including also a re-analysis of the possible metal-rich ONC member from the study of Padgett. We caveat however that a large metallicity dispersion within the ONC itself would be difficult to explain without assuming ad-hoc processes. To our knowledge, abundance patterns in all open clusters so far investigated are rather homogeneous and no metal-rich members of solar-metallicity clusters or, viceversa, solar-metallicity members of metal-rich clusters have been detected.
On more general grounds, the question arises on the existence of metal-rich young associations and SFRs. None has been detected so-far (see the discussion in Santos et al. 2008) . In Fig. 8 we show the metallicity distribution of open clusters within 500 pc from the Sun with an available spectroscopic [Fe/H] determination. The 16 clusters included in the sample have ages in the interval 30 Myr-2 Gyr; the metallicity for all but one has been derived from high-resolution spectra of lowmass stars and typical errors on the average [Fe/H] Cunha et al. (1994 Cunha et al. ( , 1998 ; middle panel: [Fe/H] distribution of the ONC only, obtained considering four different studies (Cunha & Lambert 1994; Cunha et al. 1998; Padgett 1996; Santos et al. 2008 (Eggen 1992; Famaey et al. 2007 ) and might have a peculiar origin. The majority of the clusters with close-to-solar metallicity are instead part of the Local Association (or Pleiades moving group) or of the IC 2391 supercluster, to which various young associations such as Scorpius-Centaurus are also associated. Finally, the open clusters IC 4665 and IC 2391, both with a solar iron content are likely members of the Gould Belt (Piskunov et al. 2006) . In other words, both kinematic and age considerations suggest that it might not be easy to find a metal-rich young association in the solar neighborhood.
Concluding remarks
Using FLAMES/UVES and Giraffe spectra, we determined iron abundances in eight low-mass members of the ONC, one star in the λ Ori cluster, and one member of the Orion OB1b subgroup. The average metallicity of the ONC is [Fe/H]= −0.01 ± 0.04; the metallicity of Dolan 24 in λ Ori is also solar, while the star belonging to the OB1b subgroup is significantly more metal-poor than the ONC. The ∼ 0.1 dex difference in the Fe content of the ONC and the OB1b subgroup is consistent with the selfpollution scenario originally proposed by Cunha and collaborators (1992 Cunha and collaborators ( , 1994 Cunha and collaborators ( , 1998 for the Orion region.
None of our sample stars nor any of the SFRs so far studied is metal-rich. At the same time, known metal-rich open clusters are all older than 200 Myr, and none is spatially or kinematically associated to young nearby associations and SFRs. This suggests that finding the metal-rich SFRs among the best studied ones in the solar neighborhood might not be easy or doomed to failure. We suggest that in order to find them, one should possibly look outside the Gould Belt and the Local Association. High-spectral resolution observations of low-mass stars in SFRs at distances larger than 500 pc might indeed be feasible with current instrumentation. 
